Turmeric (Curcuma longa L.) has been reported to have many biological functions including anti-obesity. Leptin, peptide hormone produced by adipocytes and its concentration is increased in proportion to the amount of the adipocytes. In the present study, we examined the effects of Korean turmeric on the regulation of adiposity and leptin levels in 3T3-L1 adipocytes and rats fed a high-fat and high-cholesterol diet. MATERIALS/METHODS: Leptin secretion, free fatty acid and glycerol contents in 3T3-L1 adipocytes were measured after incubation of cells with turmeric for 24 hours. Rats were divided into four experimental groups: a normal diet group (N), a high-fat and high-cholesterol diet group (HF), a high-fat and high-cholesterol diet group supplemented with 2.5% turmeric extracts (TPA group) and a high-fat and high-cholesterol diet group supplemented with 5% turmeric extracts (TPB group). Serum samples were used for the measurement of leptin concentration. RESULTS: Contents of free fatty acid and glycerol showed concentration dependent increase in response to turmeric extracts. Effects of turmeric extracts on reduction of lipid accumulation in 3T3-L1 cells were examined by Oil Red O staining. Treatment with turmeric extracts resulted in increased expression levels of adipose triglyceride lipase and hormone-sensitive lipase mRNA. The concentration of leptin from 3T3-L1 adipocytes was significantly decreased by turmeric. Proportional abdominal and epididymal fats weights of the turmeric 5% supplemented group, TPB has significantly decreased compared to the HF group. The serum levels of leptin in the TPA and TPB groups were significantly lower than those of the HF group. CONCLUSIONS: Based on these results, we suggested that Korean turmeric may contribute to the decreasing of body fat and regulating leptin secretion.
INTRODUCTION 2)
Obesity is one of the most threatening modern disorders, raising the risk of serious metabolic diseases. Obesity is not simply an increase in weight, as weight can include muscle mass, but it is also defined by excessive accumulation of fat. Common wisdom holds that this results from an unbalance between energy intake, which enters the body through food, exceeding the energy that is consumed by exercising and metabolism [1] . This excessive accumulation of fat raises the risk of chronic diseases like diabetes mellitus, hypertension, and coronary artery disease [2] . Thus there is rising concern for the prevention and treatment of obesity. We can address the problems of obesity by controlling the absorption and storage of the nutritive substance. For direct control of fat, we can inhibit adipogenesis and lipogenesis and increase lipolysis [3] .
Leptin, the product of the obesity gene, is an important hormone involved with feeding behavior, and its concentration in blood is increased in direct proportion to the amount of body fat [4] . When leptin is carried to the brain through the circulatory system, it is combined with leptin receptors of hypothalamic nerve cells that feeds the regulatory center and sends signals to the brain. This affects energy consumption, the metabolism of carbohydrate and fat, and body weight control [4] . Active research is examining the association of leptin and feeding behavior, hypothesizing that body weight control is related to obesity, and leptin is being used as the standard evaluating obesity [5] . Leptin is important in lipid metabolism as it controls the increase of fats and free fatty acids in blood [6] . In normal humans, circulating leptin is lowered due to decreased fat mass following weight reduction [7, 8] . More leptin is secreted by obese people than by ordinary people [9] , but leptin secreted continually by the excessive body fat is not effective, due to leptin resistance. Much remains to be learned about mechanisms underlying cellular leptin resistance and the significance of mediators of leptin resistance [10, 11] .
Curcuma longa L., turmeric, a herbaceous perennial of the zingiberaceae, is distributed in South Asia, Africa, and Latin America including India, China, and Japan. Curcumin, a representative substance from the root of turmeric, includes about 2~8% turmeric and affects certain physiological functions [12] . Curcumin is consumed daily throughout Asian countries without reported toxicity [13] . Curcumin controls anti-inflammatory, anti-diabetes and immune regulation [12] . The effect of curcumin on anti-obesity and lipid metabolism is high [12, 14] . Shao et al. [15] observed that mice fed with a high-fat diet were able to control lipogenesis by curcumin. Ejae et al. [16] found that injection of curcumin into obese mice led to control of adipogenesis. An in vitro experiment using cells differentiated into adiposity from preadipocyte, 3T3-L1 from mouse embryo found that curcumin reduces leptin secretion [17] . These results show that curcumin contained in turmeric, contributes to controlling fat accumulation. Ling et al. [18] reported that the oil abstracted from the roots of turmeric controls lipid metabolism in blood. Dixit et al. [19] confirmed that ethanol extracts from turmeric are hypolipidemic in a rat model. However, evidence supporting the relation between the control of leptin secretion by turmeric and lipid metabolism, and research confirming control of leptin secretion in vivo are insufficient. Many recent studies report that Korean turmeric has the capacity to control lipid metabolism [20, 21] .
Thus this study measures the effects of anti-obesity related to fat control using Korean turmeric. First, in vitro, we measured the concentration change of free fatty acids and glycerol produced by lipolysis caused by adding turmeric extracts. Expression levels of ATGL (adipose triglyceride lipase) and HSL (hormone-sensitive lipase) genes were investigated and secretion of leptin was examined from adipocytes stimulated by turmeric extracts. In vivo, after providing turmeric extracts for rats fed with high-fat and high-cholesterol diet, we assessed the effects of turmeric on the control of fat accumulation.
MATERIALS AND METHODS

Preparation of extracts from turmeric
The turmeric was purchased from the Jindo-gun, Jeollanamdo, Korea. Air-dried turmeric was crushed using a grinder (Desung power mixer/grinder DA-280G, Seoul, Korea) and shattered turmerics were used in samples by cold storage. Grinded turmerics and six times distilled water (w/v) were mixed and then extraction was performed at 4°C for 24 hours. This process was repeated three times and the supernatant was collected and filtered with a Whatman No.1 filter paper. The solvent of combined extracts was evaporated under reduced pressure using a rotary vacuum evaporator (HS-2001N, Hanshin Science Co., Korea) and dried in a freeze drier (Bondiro, Ilshin, Korea).
Cell culture and measurement of free fatty acid and glycerol
3T3-L1 preadipocytes were purchased from the ATCC (Americal Type Culture Collection, Manassans, VA, USA) and maintained in Dulbecco's Modified Eagle's Medium containing (DMEM)(Life Technologies, Grand Island, NY, USA) 10% fetal bovine serum and penicillin/streptomycin (100 IU and 100 μg/ml, respectively) at 37°C in 5% CO2. Differentiation to the adipocyte form was induced by incubating 1 × 10 5 cells in DMEM containing 10% fetal bovine serum, 5 μg/ml insulin (Sigma Chemical, St. Louis, MO), 250 nM dexamethasone (Sigma Chemical), and 500 mM 3-isobutyl-1-methylxanthine (Sigma Chemical) for 3 days in 10 ml well cultured plates. Cells were then incubated for an additional 48 hours in DMEM containing 10% fetal bovine serum and 1 μg/ml insulin [22] . Subsequently, the medium was changed to stimulant-containing DMEM. Differentiated cells were stimulated by 2.5, 5 and 10 μg/ml of turmeric extracts for 24 hours. Free fatty acids were measured in the medium immediately before the cells were harvested. Free fatty acids were measured by commercial kit (SICDIA NFFAZYME, Shin Young Chemical IND, Korea), according to the manufacturer's instructions. 5 ul of medium containing 200 ul of NEFA reagent-1A was then reacted for 5 minutes, and measured an absorbance at 550 nm. Free fatty acid was calculated as the (sample absorbance/standard solution absorbance)×1000. 50 ul of medium containing 10 ul of glycerol reagent was then reacted for 1 minute into a new 96-well plate for glycerol measurement on a microplate reader at 570 nm. The amount of glycerol release was determined using method Bradford (Bio-rad, Hercules, CA) [23] .
Oil Red O staining in 3T3-L1
3T3-L1 cells were stimulated by 2.5, 5 and 10 μg/ml of turmeric extracts for 24 hours. After stimulating, cells were washed with phosphate buffered saline (PBS), fixed for 20 minutes with 4% formalin in PBS 0.05M. Cells were then stained with 0.35% Oil Red O solution (Sigma-Aldrich, Tokyo, Japan) in 60% isopropanol for 10 min at room temperature, washed 3 times with distilled water, and photographed.
RNA extraction and RT-PCR analysis from 3T3-L1
Total RNA was extracted using Sepasol (Nacalai Tesque) with manufactural instructions. 2 μg of RNA were used for cDNA synthesis with ReverTra Ace (Toyobo, Tokyo, Japan). The sequences of primers (Invitrogen, Carlsbad, CA, USA) for analyzed genes were; 5'-ACCACAGTCCATGCCATCAC-3' and 5'-CACCACCCTGTTGCTGTAGCC-3' for GAPDH, 5'-GAGCCCCGGG GTGGAACAAGAT-3' and 5'-AAAAGGTGGTGGGCAGGAGTAA-3' for ATGL, 5'-CCTACTGCTGGGCTGTCAA-3' and 5'-CCATCTCGCACCC TCACT-3' for HSL. The PCR program was 30 cycles of denaturation at 98°C for 10 seconds, annealing at 58-60°C for 30 seconds and extension at 68°C for 30 seconds by iCycler (Bio-Rad, Munich, Germany). The products were visualized by ethidium bromide agarose gels and the images were detected with UV irradiation. The densitometry result for target samples was divided by the densitometry result of GAPDH, a constitutive gene control, normalizing the level considered for analysis. Densitometry was carried out using a Bio-Rad ChemiDoc image acquisition system and Quantity One quantitation software (Bio-Rad, Hercules, CA, USA).
Measurement of leptin level in 3T3-L1
3T3-L1 cells were harvested 8 days after the initiation of differentiation. Subsequently, the medium was changed to stimulant-containing DMEM. Differentiated cells were stimulated by 2.5, 5 and 10 μg/ml of turmeric extracts for 24 hours. Subsequently, cells were washed twice with cold phosphate buffered saline and collected by scraping with a cell scraper into 50 mM Tris-HCl (pH 7.5) containing 1 mM EDTA. The harvested cells were sonicated for 5 seconds. After centrifugation at 13,000 g for 5 minutes at 48°C, the supernatants were assayed for leptin [22] . The concentration of leptin was measured by leptin immunoassay kit (Quantikine® M, R&D System, Minneapolis, MN), according to the manufacturer's instructions.
Assessment of cell viability
Cell viability was determined by using the MTT colorimetric assay [24] . This assay involves the ability of viable cells to convert a soluble tetrazolium salt, MTT{3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide}, into a blue formazan end product by mitochondrial dehydrogenase enzymes. Cells (1 × 10 5 cells per well) were plated in 96 well cultured plates, incubated for 24 hours, and treated with turmeric for 24 hours. MTT (2.5 mg/ml) was added to each well as incubation continued at 37°C for an additional 4 hours. The media was then discarded and 100 μl of DMSO was added to each well to solubilise the coloured formazan product. Absorbance was read at 550 nm on a scanning microtiter spectrophotometer plate reader and was expressed as percentage of the absorbance obtained in the well treated with no stimulants [25] .
Experimental animals treatment and serum leptin assay
Male Sprague-Dawley rats weighing 100 ± 10 g were purchased from Bio genomics (Seoul, Korea). Rats were individually housed in stainless steel cages in a room with controlled temperature (20-23°C) and lighting (alternating 12 h periods of light and dark). Rats were divided into four groups which were composed of normal diet group (N group), high-fat and high-cholesterol diet (HF group), high-fat and high-cholesterol diet and 2.5 g turmeric extracts/100 g diet group (TPA group) and high-fat and high-cholesterol diet and 5 g turmeric extracts/100 g diet group (TPB group) ( Table 1 ). The rats fed the experimental diets for a period of 4 weeks. The experimental design was approved by the committee (NVRQS AEC5) of Korea International University regarding the care and use of laboratory animals. Serum samples were collected from the abdominal aorta and were centrifuged at 1,000 rpm for 10 minutes. The levels of serum leptin was measured by ELISA (Invitrogen, Carlsbad, CA, USA), according to the manufacturer's instructions.
Statistical analysis
Results were analyzed by ANOVA and Tukey's honestly significant difference test [26] . Differences were considered significant as at P < 0.05.
RESULTS
Effects of cell viability and lipolytic activity by turmeric
The cytotoxicity of the turmeric in 3T3-L1 cells was evaluated to determine the test concentration for the further analysis. The cell viability is shown in Fig. 1 . The cell viability in the concentration of turmerics, 2.5, 5, 10, 20 and 40 μg/ml was 100, 97.72, 90.97, 34.94 and 16.77%, respectively. The cell viability assay showed that the turmerics affect no damage at concentrations of 2.5, 5 and 10 μg/ml. Therefore, we used the concentration of turmeric up to 10 μg/ml. Fig. 2A shows the level of free fatty acids, and one of the product of lipolysis. Lipolysis is the process in which triglycerides are hydrolyzed into free fatty acids and glycerol. Free fatty acid was significantly increased by 76.36, 93.18 and 171.82% compared with controls when 3T3-L1 cells were treated with the 2.5, 5 and 10 μg/ml of turmeric, respectively. Glycerol also was significantly increased by 64.55, 88.48 and 155.9% compared with controls (Fig. 2B) . The results indicate that the turmeric has a function of lipolysis.
Reduction of lipid accumulation by turmeric extracts in 3T3-L1 cells
To investigate the effects of turmeric extracts on lipid decrease in differentiated 3T3-L1 cells, 3T3-L1 cells were treated with the 2.5, 5 and 10 μg/ml of turmeric extracts, respectively. After 24 hours, we found that turmeric extracts diminished the lipid accumulation in 3T3-L1 cells compared with that the untreated 3T3-L1 cells (Fig. 3) . To further define the lipolysis by turmeric extracts, ATGL and HSL of key enzymes involved in intracellular degradation of triglyceride are confirmed by gene expression (Fig. 4) . Our results demonstrated as follows; mRNA levels of ATGL and HSL were increased in 3T3-L1 cells treated with turmeric extracts when compared to the untreated with the control group.
Changes of gene expression in 3T3-L1 cells treated with turmeric extracts
Leptin levels in 3T3-L1 cells
The result of contents of leptin as an indicator of lipid accumulation associated with lipolysis is shown in Fig. 5 . Leptin level was significantly decreased by 11.86%, 24.68% and 30.27% compared with controls when 3T3-L1 cells were treated with the 2.5, 5 and 10 μg/ml of turmeric, respectively. These data suggest that turmeric can control leptin in adipocytes.
Changes of proportional abdominal fat, epididymal fat and liver weights in rats
Proportional abdominal fat, epididymal fat and liver weights were measured, as shown in Table 2 . The proportional abdominal and epididymal fats weights of the HF group were significantly greater than that of the N group. 5% turmeric extracts supplemented group, TPB was significantly decreased compared to the HF group. Especially, the TPB group was similar to that of the normal group. Accordingly, it is considered turmerics are effective in decreasing body fat. The proportional liver weight was no differences between the all of the experimental groups. Fig. 6 shows change of leptin levels in the rats serum by turmeric. The result of leptin in the serum was greater in the HF, TPA and TPB groups than in the N group. The leptin in the TPA and TPB was 26.4% and 38.7% lower, respectively, than that in the HF group. Especially, TPB group showed the control of leptin secretion to the normal extent. These results indicate that turmeric is able to regulate secretion of leptin.
Serum leptin levels
DISCUSSION
The increase and differentiation of adipocyte causes adipocyte to be excessively accumulated [27] . Thus for the prevention and treatment of obesity, the study on lipogenesis control mechanism is being made continually. Recently, new treatments which have an effect on the control of adipocyte are being developed, but natural substance of food becomes the center of public attention because of the various side effects of the treatment [28, 29] .
The effect of lipid metabolism control of Indian turmeric having various biological active functions in is widely known so far [30, 31] . This study made an observation of the regulation of adipocyte related to anti-obesity using Korean turmeric which is being grown more and more recently. When triglyceride accumulation in adipocyte is hydrolyzed, it is divided into free fatty acids and glycerol in the body gets into blood outside cells and moves into many tissues and is used as the source of energy or stored as triglyceride in the liver and adipose tissue [32] . This can indicate the decomposition degree of triglyceride in adipocyte. And measuring the contents of free fatty acids and glycerol separated from 3T3-L1 adipocyte can be used as the measure indicating the decomposition degree of triglyceride in fat globule indirectly, so it is being used in many studies for the evaluation of lipolysis degree [33] . After adding turmeric extract in 2.5, 5 and 10 μg/ml to 3T3-L1 adipocyte, measuring free fatty acids and glycerol produced of lipolysis in medium, they tend to increase significantly (Fig. 2) . This shows that the free fatty acids and glycerol hydrolyzed by turmeric are released and increased outside the cells. We found that turmeric extracts reduced lipid accumulation, as measured by Oil Red O staining (Fig. 3) , and confirmed that increased mRNA levels of ATGL and HSL which are identified as an major triacylglycerol hydrolase by turmeric extracts (Fig 4) . ATGL predominantly performs the initial hydrolysis and provides diacylglycerol for subsequent reactions. HSL efficiently degrades diacylglycerol into monoacylglycerol and free fatty acid [34] . As a result, there is shown the high probability that turmeric extracts caused to decrease the lipid accumulation by triglyceride breakdown enzymes, ATGL and HSL. According to the study by Sengupta et al. [31] , adding Indian turmeric extract in 10, 25 and 50 μg/ml to 3T3-L1 showed the effect controlling adipogenesis. Korean turmeric is thought to have a more powerful control on the lipid metabolism, because it can increase lipolysis in 2.5 and 5 μg/ml. Also, according to the study by Lee et al. [35] who used Korean turmeric, glycerol released into medium from 3T3-L1 adipocyte differentiated by methanol extract treatment of turmeric was increased. This suggests that Korean turmeric also has a great effect on the control of fat accumulation.
Leptin, peptide hormones secreted by obesity gene of adipocyte functions by combining with leptin receptors [36] . When leptin is secreted it functions in the hypothalamus that has to do with feeding control and the increase of energy consumption and is known as the protein keeping body fat to a certain extent and controlling obesity [36] . The increase of free fatty acids and glycerol caused by the decomposition of triglyceride by turmeric extracts treatment suggests the decrease of fat accumulation in adipocyte. Furthermore, we could confirm that turmeric extracts on reduction of lipid accumulation by Oil Red O staining. Thus we measured the concentration of leptin secreted in proportion to the increase of adipocyte and observed their correlation. When we added turmeric to 3T3-L1, adipocyte, the concentration of leptin decreased as that of turmeric increased (Fig. 5) . We can say that the decrease of leptin secretion is related to the increase of lipolysis, because leptin is secreted from adipocyte. It was shown that leptin levels are tightly correlated with the total amount of white fat in the body [37] . It was also observed that curcumin inhibited adipocyte differentiation in 3T3-L1 adipocytes by intracellular lipid accumulation assay [38] . Thus it may be thought that the treatment of turmeric controls the differentiation of adipocyte and decreases the number and size of adipocyte. This also corresponded with the study by Ciardi et al. [17] that reported the secretion of leptin decreased by adding curcumin to 3T3-L1 adipocyte. In addition, this change of the concentration of leptin was confirmed in vivo. In the result of providing turmeric extracts for obese rats caused by a high-fat and high-cholesterol diet, leptin secretion increased by high-fat and high-cholesterol diet decreased and rats fed with 5% of turmeric extracts showed the control of leptin secretion to the normal extent (Fig. 6) . The control of leptin secretion in vivo level by the supply of turmeric was first confirmed. We also confirmed that the proportional weights of abdominal and epididymal fats were reduced in 5% turmeric treated rats in a significant manner (Table 2) . Leptin is a key body fat signaling molecules that are secreted by adipose tissues, and can directly regulate in vivo fat storage [39] . It is shown that the body fat reduction is closely associated with leptin secretion. Our previous research has shown that the body weight gain was reduced in turmeric extracts supplemented group [20] . According to the study by Kim et al. [40] that reported curcumin in turmeric controls the differentiation of adipocyte and we also have been demonstrated that Korean turmeric regulate lipid metabolism in serum and liver of rats fed with high-fats and high-cholesterol diets via UDP-glucuronyl transferase activity and control of bile acid [20] . This suggests that curcumin in turmeric is thought to contribute to the control of lipid metabolism effectively. The effect of lipolysis and leptin secretion control by Korean turmeric was known to correspond with the results of many studies made till now. Also the study Elahi et al. [30] using Indian turmeric reported that by providing 5% of turmeric extracts for obese rats caused by high-fat diets, there was the improvements in the effect of lipid metabolism in liver tissues and blood. In our previous study, we confirmed the effect of lipid metabolism by Korean turmeric using 2.5% of turmeric extracts [20] . In this study, we proved that providing 2.5 and 5% of Korean turmeric has to do with the control of leptin secretion (Fig. 6 ). Though it is necessary to compare the content of curcumin in Indian turmeric with that in Korean turmeric, as we can see from the previous results, we expect that Korean turmeric contains more curcumin substance related to lipid metabolism control than Indian turmeric.
Thus, this study proved that Korean turmeric can contribute to regulate leptin secretion related to lipid metabolism control. Turmeric may regulate energy metabolic process and decrease the quantity of body fat. Curcumin in turmeric reduces adipogenic differentiation by activation of Wnt/ß-Catenin signaling [41] . Curcumin also directly interacts with adipocytes and immune system macrophages, thus assists in reducing leptin resistance, enhances adiponectin and lowers inflammatory indicators related with obesity, including leptin, resistin and MCP-1 [15] . Though more studies of the mechanism of triglyceride decomposition by turmeric and leptin are required, we may expect that Korean turmeric lowers body fats, and can be used as an anti-obesity agent by controlling fat.
